Background and Aims Soil water availability is an important mechanism filtering plant species but the functional basis of this filtering in herbaceous dicots is poorly studied. The authors address three questions: Which physiological traits best predict different levels of drought tolerance or avoidance in herbaceous dicots? To what degree can species' habitat preferences along the gradient of soil moisture availability be predicted by their physiological responses to drought? What are the direct and indirect relationships between the physiological traits and how do they interact to determine the species' habitat preferences?
INTRODUCTION
It is obvious, when looking at the full range of variation (deserts to aquatic habitats), that different plant species are preferentially found in habitats having different amounts of available soil water. However, as the recent review by Silvertown et al. (2015) makes clear, this is also true for more restricted ranges of soil water availability, even the subtle variations in soil water that can occur within a single local community (Silvertown et al., 1999) . Variation in soil water availability is therefore one of the major environmental gradients along which plant species are differentially distributed, and different species occupy different hydrological (realized) niches (Araya et al., 2011) . However, soil water availability is an environmental variable that is highly variable in both space and time and is determined by precipitation patterns, local topography, soil structure and spatial and temporal variation in the depth of the water table (Silvertown et al., 2015) . An actual quantification of realized hydrological niches for many species spanning the hydrological gradient would therefore require detailed and repeated measurements of these physical properties over large spatial scales. We lack true measures of the location of species' realized hydrological niches for all but a very small number of plant species. However, it is still possible to produce a coarse ordinal categorization of habitats with respect to soil water availability (and thus the realized hydrological niches of species that reach their distributional optima within such habitats) without such detailed physical measurements. This is the approach used in this study.
A basic assumption of trait-based ecology is that morphological, physiological or phenological attributes measured at the level of cells, tissues, organs or single individuals determine whole-plant attributes related to individual performance (growth, reproduction, survival) in a given environment, which, in turn, determine the demographic performance of species in that environment (Violle et al., 2007) . This, in turn, translates into different distributions along environmental gradients (i.e. realized niches) through the process of trait filtering during community assembly (Keddy, 1992; Shipley, 2010) . In the context of gradients in soil water availability, these realized hydrological niches would be determined by trade-offs in functional traits that are involved in the water economy of a plant and that are implicated in determining plant performance along this environmental gradient. It follows from this assumption that, given the relevant functional traits, one should be able to predict both whole-plant performance and species' relative abundances along environmental gradients. Several empirical demonstrations of the latter are now available (Shipley et al., , 2011 Sonnier et al., 2010) , including along a local gradient of soil water availability (Baastrup-Spohr et al., 2015) . Given this, what are the functional traits controlling the field distributions of plant species along a gradient of soil water content? An answer to this question would undoubtedly involve many different morphological, physiological and phenological traits, but these traits can be grouped according to Silvertown et al. (2015) and Chapin et al. (1993) . Silvertown et al. (2015) groups these traits into three types of trade-offs: (1) root traits related to a trade-off between tolerance of soil oxygen stress and the ability to take up water and nutrients; (2) morphological/anatomical constraints of hydraulic architecture related to the trade-off between maximizing water flux and minimizing embolisms during periods of water stress; and (3) physiological traits governing leaf gas exchange. These three trade-offs are not independent, nor are the traits implicated in each, but most work in this area has concentrated on the second trade-off, especially in a comparative context along field gradients of soil water availability. This is presumably because most studies linking traits to field distributions of soil water have concentrated on woody species having long-lived stems, which must successfully conduct columns of water against steep gradients in water potential without causing embolisms. It is an open question whether this second trade-off is as important for herbaceous species, which are the species studied here.
Another hierarchical grouping of traits was proposed by Chapin et al. (1993) . The most constrained traits, at the top of the hierarchy, are morphological and anatomical ones. With respect to plant-water relations, these are traits such as those relating to xylem anatomy, root size and form, and aspects of leaf anatomy such as stomatal size/density and venation traits. These are less plastic and have slow response times in the face of rapid environmental changes because such changes require the growth of new organs or tissues. With reference to Silvertown et al.'s (2015) three trade-offs, these traits would primarily relate to traits implicated in hydraulic architecture. Next in Chapin et al.'s (1993) hierarchy are physiological traits that are constrained within a particular range of variation by the morphological and anatomical traits. Physiological traits are more plastic and can respond more quickly to a decrease in soil water availability. With reference to Silvertown et al.'s (2015) three trade-offs, these traits would primarily relate to traits implicated in leaf gas exchange.
Because much more work in comparative functional ecology along gradients of soil water availability has been done on woody species, we chose to concentrate on wild herbaceous dicots. We identified 25 species with contrasting ecology for which their typical habitat affinities could be confidently assigned to one of three categories of soil water availability. We then grew individuals of these species under controlled conditions in both a control and a treatment group by subjecting them to an experimental drought until all above-ground tissues had died. Given the trait groupings described above and the fact that we monitored plant performance (survival) during a single drought event, we choose to concentrate in this study on Chapin et al.'s (1993) second hierarchical level (i.e. physiological traits rather than morphological/anatomical traits) and Silvertown et al.'s (2015) third trade-off, which corresponds to biophysical constraints governing leaf gas exchange. We did this, not because we believe that morphological/anatomical traits related to hydraulic architecture of stems, roots or leaves are not important, but because we expected (Chapin et al., 1993) that physiological traits related to drought tolerance and avoidance (Rosenthal et al., 2010; Lelièvre et al., 2011) would be more proximal determinants during a single drought event. Using this approach, we then asked three questions: (1) Which physiological traits best predict different levels of drought tolerance or avoidance in our collection of herbaceous dicots? (2) To what degree can species' habitat preferences along the gradient of soil moisture availability be predicted by their physiological responses to drought? (3) What are the direct and indirect relationships between the physiological traits and how do they interact to determine the species' habitat preferences?
MATERIALS AND METHODS

Study site and experimental design
Study species. We used 25 species of dicots from 18 different families (Table 1 ). All species were herbs, except for Cistus salviifolius, a small shrub that does not produce lignified tissues during its first year and so is a functional herb during this period. These species were selected (1) to represent all three hydrological stages along a gradient of affinities for water from dry to wet soils, (2) to represent every phenological strategy (annual, biannual and perennial) and (3) to cover the range of functional traits and adaptive strategies that are described and quantified in Grime et al. (2007) . We selected these species from an initial set of over 80 available species obtained from both commercial suppliers and local populations.
Assigning habitat affinities. Ideally, one would know how the relative abundance of each species varies in the field along a quantitative gradient of soil water availability and where along this gradient each species reaches its maximum abundance. However, as described in the Introduction, such detailed information is available for very few species. Instead, we constructed an ordinal ranking of habitat affinity with respect to soil water status: (1) species typical of dry soils (hereafter 'dry'), (2) species typical of intermediate soils (hereafter 'intermediate') and (3) species typical of wet (but not continuously inundated) soils (hereafter 'wet'). An ordinal variable is a categorical variable for which the possible values are ordered (here, the level of soil wetness) but are unitless and not quantitative. To assign a species to a given ordinal rank, we combined several sources (details about the sources are reported in Supplementary Data Table S1 . When available (13 species), we obtained an average aridity index (i.e. annual precipitation divided by annual evapotranspiration) associated with a species from the TRY database (Kattge et al., 2001) . We also obtained, when available (16 species), Ellenberg's index of soil water status (Ellenberg et al., 1991) . Further general habitat descriptions with respect to typical soil water availability were obtained from the United States Department of Agriculture online database (http://plants.usda.gov/java/), the eFlora (http://www.eflo ras.org/index.aspx) and TelaBotanica online databases (Julve, 1998) and also from local floras (Marie-Victorin et al., 2002).
Our data contained 11 dry, nine intermediate and five wet species. We chose to exclude the extremes of the hydrological gradient (deserts and aquatics habitats) because the species typical of these habitats can have traits that are not generalizable to species occupying the rest of the gradient.
Experimental design. Plants were grown under controlled conditions. Photosynthetically active photon flux was 160 6 20 mmol m À2 s À1 photosynthetically active radiation (PAR) using a 1000-W high-pressure sodium bulb and a 1000-W metal halide bulb for 12 h per day, giving a daily quantum yield of 6Á912 mol m À2 d
À1
. These values are lower than typically encountered in the field but are standard in experiments conducted in growth chambers and are sufficient to ensure normal growth rates (Shipley, 2006) . Daytime temperature was 24 6 2 C, and was decreased to 20 6 2 C at night. Relative humidity was 45 6 5 %. The planting substrate was 90 % sand and 10 % peat loam, with an additional 6 g of NPK fertilizer (7-12-12) per kg of soil.
We empirically determined the relationships between volumetric water content (VWC, m 3 water per m 3 soil) and relative water content (RWC, g water per g soil) and between RWC and soil water potential (W, MPa) for our planting substrate. Combining these relationships allowed us to estimate soil water potential (the most physiologically relevant measure but requiring new soil samples at each measure) from measures of VWC (Supplementary Data Fig. S1 ), which are faster and easier to obtain than soil water potential without removing soil. This step is necessary because we took daily measures of VWC. Once this relationship was constructed, we used the smooth.spline and predict.smooth.spline functions in R (Chambers and Hastie, 1992) to determine the soil water potential values from the soil VWC values at different focus points during soil drying (Supplementary Data Appendix S1). Volumetric water content was estimated from soil dielectric permittivity measurements (HydroSense II probe, Campbell Scientific, Edmonton, AB, Canada). The probe was placed in the centre of the pot to avoid edge effects. Soil water potential was determined by dew-point psychrometry (WP4C, Decagon Devices, Pullman, WA, USA).
Each species was represented by ten individual plants, planted in separate pots (10 cm Â 10 cm Â 22 cm deep, $2 L per pot). This pot volume allowed us to measure the whole soil column used by the plant with the HydroSense probe. Individuals of each species were selected to be most similar in terms of age, height and number of leaves at the beginning of the measurements. The position of each pot was fully randomized. All plants were grown in soil that was maintained at field water capacity until they had reached a size sufficient to begin measurements. At this stage, five control plants per species were maintained at field capacity, while the remaining five plants per species formed the treatment group in which watering was stopped. Measurement of soil VWC, for both control and treatment plants, began on the day that watering was stopped and were then taken daily in each pot until the end of the experiment.
Trait measurements
All measured traits were related to plant water economy and are summarized in Table 2 . We focused on gas exchange and related traits at critical events during the drought process rather than on biomass production, since plants were followed until death of above-ground tissues. The temporal changes in stomatal conductance were obtained from daily measurements of stomatal conductance and soil VWC and were calculated from a piecewise regression (see below). Net leaf photosynthesis and traits related to visual changes in leaf behaviour during wilting were measured at critical events during the drought process (see below).
Visual wilting point. We developed an index of leaf wilting with five stages based on Tyree et al. (2002) . The rating scale was defined in comparison with the control plants of the same species. Stage 0 (control) was defined as a leaf typical of those in the control group growing at soil field capacity. Stage 1 (slightly wilted) was defined as a leaf as in stage 0 except that it is angled slightly towards the ground compared with controls and/or with a slight loss of vein rigidity compared with controls. Stage 2 (wilted) was defined as a leaf with no sign of chlorosis but a change in leaf angle near 45 towards the ground and/or with leaf blades that have begun to curl inwards parallel to the midrib and/or with very limited necrosis (grey-green to grey-brown) compared with controls and/or loss of vein rigidity compared with controls. Stage 3 (severely wilted) was defined as a green leaf, with most leaf angles near 90 from horizontal and/or extensive curling of leaves and/or more extensive necrotic zones (grey-green to grey-brown), mostly near leaf margins or leaf tips, and/or complete loss of vein rigidity and turgor, compared with controls. Stage 4 (nearly dead) was defined as most leaves necrotic and/or with more extensive curling and/or leaf angles mostly near 90 from the horizontal compared with controls, but some young leaves still green near the midrib, compared with controls. Each day, we rated all individuals on this scale from 0 to 4. We considered that an individual had changed stage when the majority of its leaves and the leaf used for measurements had changed stage. For each treatment individual, the experiment stopped when it reached stage 4. Measurements on control individuals of each species were continued until the last treatment individual had reached stage 4. We also recorded, for each individual, the numbers of days that were required to reach stage 4.
Stomatal conductance. We made daily measurements of leaf stomatal conductance (g s , mmol H 2 O m À2 s
À1
) with a porometer ), which is the net photosynthetic rate divided by stomatal conductance ( Table 2 ). The first measurement was made on the first day that the stress treatment commenced when the soil was still at field capacity, and the second was made when the individual reached the second wilting stage.
Data analysis
Reaction norms of stomatal conductance during drought. For all species, we plotted stomatal conductance of stressed individuals as a function of soil VWC. A general pattern was found in which stomatal conductance decreased linearly with decreasing soil water content until a critical level of soil moisture availability was reached (i.e. a threshold or inflection), after which the rate of decrease in stomatal conductance was more pronounced (Fig. 1) . Therefore, we used segmented linear regression (Supplementary Data Appendix S2) (Toms and Lesperance, 2003) , which allowed us to calculate seven parameters (Table 2) : (1) ). We have included the piecewise regression details and R code in Supplementary Data Appendix S2.
Trait selection using a cumulative link model. Since the dependent variable (i.e. a species habitat affinity along the gradient of soil moisture) was in the form of an ordered category with three states (dry, intermediate or wet), while the independent variables were the trait values of each species, the proper statistical model is a cumulative link model (Christensen, 2015) , which is an extension of logistic regression but made to analyse ordinal dependent observations (McCullagh, 1980) . To obtain the most parsimonious trait combination that can predict the habitat affinities, we used a backward stepwise selection procedure starting with the saturated model (i.e. all traits included). At each step, we removed the trait having the highest non-significant P value and then recalculated the model until all traits were statistically significant (i.e. null P values were <0Á05). We extracted predicted values from the model for each species. These values were then used to calculate the probability of each species being in one of the three groups. We use McFadden's R 2 (McFadden, 1974) , based on the ratio of the log likelihood of the model to the log likelihood of a model without the traits (i.e. an intercept-only model) to assess the predictive ability of the resulting model. This R 2 is interpreted in the same way as a classic model R 2 and reduces to the classic R 2 (i.e. proportion of the variance explained by the model) in the case of a linear model with a normally distributed dependent variable.
Path analysis. The cumulative link model is best suited to testing the predictive ability of the measured traits but cannot test hypotheses concerning direct and indirect effects between the variables. We therefore used path analysis (Shipley, 2000) to develop and test hypotheses concerning the causal relationships between the traits and the field distributions.
Our initial hypothesized causal structure, shown in Supplementary Data Fig. S2 , reflects a combination of a priori definitional and ecological links and was subsequently modified to obtain a final model that successfully accounted for the patterns of conditional dependencies in the data. The modifications were made to improve the fit between the data and the model conditional on such modifications not contradicting known biology. We used the sem function in the lavaan package of R We conducted all statistical analyses within the R statistical environment (version 3.1.2, R Core Development Team, 2015-12-04) . Unless otherwise indicated, tests of differences between groups were done using Wilcoxon Mann-Whitney (WMW) tests because of non-normality.
RESULTS
All species had the same general pattern between stomatal conductance and soil water, although the specific parameter values of this general pattern differed between species. Figure 2 provides an example of the piecewise regression for one representative species within each group: Silene vulgaris for the dry group, Nigella damascena for the intermediate group and Hypericum perfoliatum for the wet group. The figure presents soil water availability expressed as VWC since this is the variable that was directly measured on a daily basis. However, since different soils have different relationships between VWC and the amount of soil water that is available to the plant, soil water potential is a more useful measure of soil water availability when comparing between studies and soils. We therefore used our empirical relationships, described in the Materials and methods section, to convert to soil water potential for subsequent statistical analysis [cumulative link model (CLM) and path analysis].
Univariate differences in traits between species of different habitat types
When considering each variable separately, very few significant differences were detected between the three groups of species based on their habitat preferences. Figure 3 presents boxplots of the seven parameters that describe the response of stomatal conductance during the drought. Non-parametric (Kruskal-Wallis) one-way ANOVAs did not detect any significant differences between the three species groups for any of these seven parameters. Figure 4 presents boxplots related to net photosynthetic rate and WUE, each measured at soil field capacity and when the leaves first showed pronounced wilting (stage 2). Although there was a marginally significant difference between groups in maximum net photosynthetic rate (P ¼ 0Á046), this difference was not associated with an increasing gradient of habitat wetness. Figure 5 summarizes the differences between species groups with respect to soil water availability at wilting and time until death. Volumetric water content at wilting differed marginally between groups (P ¼ 0Á055), with species typical of dry habitats wilting at lower VWCs. The pattern was clearer when considering soil water potential at wilting (P ¼ 0Á049), in which the median dry species began wilting at À10 MPa, while the other two groups began wilting at higher soil water availabilities (less than À5 MPa). There was also a marginally significant (P ¼ 0Á05) difference between species groups with respect to time until death, but this difference did not follow the gradient of habitat wetness. (1)] and obtain the predicted probability that a species with particular values of these traits would be found typically in dry, intermediate or wet habitats [eqn (2a, b, c) ]. The score represents the predicted position of the species along a latent continuous gradient of increasing soil wetness (Fig. 6) with the b values being fitted constants associated with each trait. A species was predicted to belong to the habitat type having the highest probability (dashed lines in Fig. 6 ). The open circles show species belonging to an incorrect group according to the model. Supplementary Data Tables S3 and S4 give these trait values ) according to habitat wetness. Box plots summarize the parameters of the piecewise regressions that were fitted separately to each species and classified according to habitat wetness. Note that soil moisture availability at the inflection point is expressed as a soil matrix potential, rather than as soil water content. D, dry species; I, intermediate species; W, wet species. Non-parametric (Kruskal-Wallis) one-way ANOVAs did not detect any significant differences between the three species groups for any of the seven parameters.
Predicting habitat affinities from combinations of traits
Maximum net photosynthesis
Net CO 2 assimilation rate (µmol ) according to habitat wetness. Box plots summarize the parameters of net CO 2 assimilation rate and water use efficiency at the beginning of the experiment and at stage 2 wilting point that were fitted separately to each species and classified according to habitat wetness. Note that negative values of photosynthesis and water use efficiency mean that respiration of leaves is higher than transpiration. D, dry species; I, intermediate species; W, wet species. Although there was a marginally significance difference between groups in maximum net photosynthetic rate (P ¼ 0Á046), this difference was not associated with an increasing gradient of habitat wetness.
for each species, along with their score values. Equation (1) Considering the score calculation, the probability that a species typically occurs in a dry habitat increases as its maximum conductance (at field capacity) decreases, its WUE at the stage 2 wilting point increases, soil water potential at stage 2 wilting point decreases, its maximum net photosynthesis in wellwatered soil increases, and its stomatal conductance at stage 2 wilting increases.
The path model shown in Fig. 7 successfully accounts for the actual pattern of covariation between traits while providing more information on indirect linkages between them. There is no significant misfit between the empirical data and the causal structure specified by the model (Satorra-Bentler robust v 2 ¼13Á828, 17 d.f., P ¼ 0Á679). We have maintained three marginally non-significant paths because these have clear biological justifications and because, given only 25 species, this model has low statistical power. The path model accounts for 58Á6 % of the variation in the ordered habitat wetness variable.
DISCUSSION
Dynamic response of gas exchange to drying soils There were few variables, considered separately, that could differentiate between species typical of dry, intermediate or wet soils. In fact, since we conducted 14 separate univariate tests and found only three variables that were even marginally significant at the 5 % level, it is not clear whether any single variable can discriminate between these three groups of species. However, when we considered combinations of variables we were able to discriminate between these three groups fairly well. Adaptations to soil water availability presumably involve syndromes of traits acting together.
We interpret our results as representing, with certain exceptions, an acquisition/conservation trade-off continuum with respect to soil water. Consider first a species whose gas exchange physiology is adapted to maximizing the acquisition of resources when these are plentiful more than conserving them when they are limiting. With respect to soil water, such a species would have high stomatal conductance for water when it is in plentiful supply (i.e. a soil at field capacity) since this allows a high photosynthetic rate when water is not limiting, even though it has a relatively low WUE under such conditions. Such a species would be very sensitive to any limitation in soil water and so its stomatal conductance and photosynthetic rate would decrease sharply as the soil dries. Because it has low efficiency for water use, its leaf should begin wilting at a relatively high value of soil water availability, with a rather high stomatal conductance at wilting. Plant physiologists refer to this suite of traits as anisohydric behaviour (Lambers et al., 2008; McDowell et al., 2008) . Sade et al. (2012) state that this Box plots summarize the parameters of wilting stages that were fitted separately to each species and classified according to habitat wetness. Note that soil water availability at the stage 2 wilting point is expressed as both soil volumetric water content and soil matrix potential. Time until death from drought is the number of days to reach the last wilting stage. D, dry species; I, intermediate species; W, wet species. Volumetric water content at wilting differed marginally between groups (P ¼ 0Á055). The pattern was clearer when considering soil water potential at wilting (P ¼ 0Á049). There was also a marginally significant (P¼0Á05) difference between species groups with respect to the time until death but this difference did not follow the gradient of habitat wetness.
behaviour is a risky strategy, especially under dry conditions, as dehydration might endanger the plant. Such a species should be rather restricted to wet soils. This suite of traits mostly agrees with those possessed by the species classified as typically occurring in the wet environment. At the other extreme, a species whose gas exchange physiology is adapted to conserving acquired water rather than maximizing its acquisition would display the opposite suite of physiological traits: low stomatal conductance to water, low photosynthetic rate and relatively high WUE even when growing in a soil at field capacity. However, such a species would be less sensitive as the soil dries and so would decrease its stomatal conductance and photosynthetic rate much less and maintain higher efficiency for water use. Finally, the leaves of such a species would only begin wilting at a relatively low value of soil water and with rather small stomatal conductance at wilting. Plant physiologists refer to this suite of traits as isohydric behaviour (Tardieu and Simonneau, 1998; Lambers et al., 2008) . Such a species should be restricted to dry soils, not because its leaf physiology is poorly adapted to a wet soil per se, but rather because it is competitively excluded from wetter soils. This suite of traits mostly corresponds to those possessed by our species classified as typical of dry soils. This corresponds to 'shared' physiological niches but 'distinct' ecological niches (Ellenberg et al., 1991; Keddy, 2001 ). This also mirrors Grime's (2001) continuum between stress tolerators and competitors. If we had extended our gradient to soils that are inundated for longer periods of time, then species typical of such environments would have to deal with indirect effects of soil water, like low oxygen levels, and this would require a separate suite of traits. As stated, there are some exceptions to the above interpretation. For instance, we expected wet and dry species to show large differences in photosynthetic capacity but our wet species did not have a significantly higher photosynthetic rate than our dry species (Fig. 4A) . This is also reflected in the levels of WUE of our wet and dry species (Fig. 4C) . Similarly, we expected wet species to die more rapidly than dry species, but they survived about the same number of days (Fig. 5C ), although the time until death in the artificial conditions of this experiment was likely to have been determined more by plant size relative to the soil volume in the pot.
Our intermediate species were also intermediate between the two strategies (wet versus dry) and showed a higher variability of response for almost all traits. We can suggest two possible explanations for this greater variability. First, intermediate species could include more generalists, i.e. species capable of maintaining viable populations in a wider range of environmental gradients, and not only related to water availability. A second, and not mutually exclusive, possibility is that our intermediate species included species that were improperly classified. In creating our classification of typical field distributions using both published literature and expert knowledge, we found a number of contradictory descriptions of such field preferences for soil water status. Most of these involved the wet and intermediate species.
Linking traits to habitat affinities
The CLM identified five traits ( Table 3 ) that together predict species distributions along a soil water availability gradient and accounted for 48 % of the model deviance. Even though the CLM misclassified eight species with respect to the ordinal groups (open circles in Fig. 6 ), these misclassified species were placed in the adjacent group and their latent scores placed most of them on the boundary between the correct group and the adjacent group. This shows that, in most cases, the model could predict the habitat affinities of the species based on their traits. However, the CLM does not allow us to determine the direct and indirect links between the traits. For this reason, we constructed and tested a path model (Fig. 7) that included the same five traits as found in the CLM plus two additional ones that were excluded from the CLM but which seem biologically important.
First, we included net photosynthetic rate at stage 2 wilting (A wilt ). We did this in order to understand why (1) when the plant was under clear water stress (i.e. stage 2 wilting) WUE wilt FIG. 7. Path analysis of selected traits. All path coefficients differ significantly from zero, except for maximum stomatal conductance and photosynthesis at wilting, which are marginal (P ¼ 0Á057 and 0Á059) and conductance at wilting, which is non-significant (P ¼ 0Á194). There is no significant misfit between the empirical data and the causal structure specified by the model ( but not A wilt was included in the CLM, but (2) when the plant had maximal water availability A max but not WUE max was included in the CLM. This seems paradoxical since, by definition WUE is the ratio of A and g. Under well-watered conditions, the two direct causes of habitat affinities in the path model are A max and g max . A high A max in a well-watered soil (rapid resource capture) requires a high g max , presumably because both require greater stomatal opening, in order to allow gas exchange. However, it is a high g max that is primarily driving the association with wet habitats in the path model since the direct path coefficient from A max to habitat wetness (i.e. the effect of higher A max on preference for a wet habitat when comparing species having the same value of g max ) is negative. Although WUE max is not explicitly included in Fig. 7 , it is jointly determined (by definition) by A max and g max . Since the two direct causes of WUE max (i.e. A max and g max ) are also direct determinants of habitat wetness, WUE max is only spuriously correlated to habitat wetness, and this is why it was dropped in the CLM. When water is not limiting it is the ability to maximize resource capture, not minimize WUE, that is the selective force, and so those species with the highest A max and g max are associated with wet habitats. However, when the plant is clearly water-stressed, the path model shows that it is WUE wilt and g wilt , not A wilt , that are directly driving the habitat affinities of the species. A wilt is only an indirect cause of habitat affinities in the path model; species under water stress that can maintain a positive A wilt allow, in conjunction with a lower g wilt , a larger WUE wilt , and such species are now associated with dry habitats. When water is severely limiting, it is the ability to minimize water loss while maintaining a positive carbon balance that is the selective force, and so those species with highest WUE wilt and not A wilt are associated with dry habitats. Second, we included in the path model a variable indicating the time from the termination of watering until the species died (time until death), since this is an obvious indicator of drought survival. We did this because it seemed paradoxical that species that survived longer before dying were not significantly correlated with a preference for dryer soils (Fig. 5) . Again, the path model proposes an explanation. There are three different paths linking habitat wetness and survival time during drought. The most obvious path (habitat wetness soil water potential at wilting ! survival time) induces the expected negative effect (0Á462 ÂÀ0Á515 ¼ À0Á237) and shows that, when all other variables are held constant, species that begin wilting in wetter soils are both typically found in wetter habitats and also die more quickly after a drought begins. However, there are two other countervailing paths that reduce this negative effecthabitat wetness conductance at wilting ! soil water at wilting ! survival time (À0Á228 Â 0Á476 Â À0Á513 ¼À0Á404) and habitat wetness WUE wilt A wilt ! soil water at wilting ! survival time (À0Á580 Â 0Á844 Â 0Á285 Â À0Á513 ¼ À0Á030) -that together reduce the total correlation between habitat wetness and survival time from À0Á237 to only À0Á109. Given the limited statistical power in our experiment, this low overall correlation would not be significant.
Together, the CLM and the path model reveal a trade-off between rapid resource capture (acquisition) and traits that allow survival during drought (conservation). This trade-off then determines the habitat affinity of the species. The lower the values of the traits associated with resource capture when water is plentiful, the greater the probability that a species having these traits will be typical of dry soils. However, the higher the WUE and the lower the amount of soil water available before the plant finally begins to clearly wilt (stage 2 wilting), driven jointly by g wilt and A wilt , the higher the probability that a species having these trait values will be typical of dry soils. The higher WUE at this stage is a consequence of having a higher (positive) net photosynthetic rate and having a lower stomatal conductance when the leaf reaches stage 2 wilting. Although not measured, this conservative trait profile is presumably related to other conservative strategies, such as osmoprotection of leaves (Shepherd and Griffiths, 2006) , or to preferential root growth. It is important to remember that the path model has low statistical power (only 25 species) and was developed in an exploratory manner and so must be verified with independent data.
Regarding physiological traits, Sterck et al. (2014) showed that the water compensation point (i.e. the soil water availability level at which a plant can no longer maintain a positive carbon balance), which is a proxy for drought tolerance, was the best predictor of the species distributions of 22 species of trees along water and light resource gradients within and across tropical forests. This result on trees is consistent with our finding on herbaceous dicots and previous studies on agronomically important plants like maize and sunflower that show the same reaction patterns (Tardieu and Simonneau, 1998; Vile et al., 2012) . Given the hierarchical relationship between physiological and morphological traits (Chapin et al., 1993; Silvertown et al., 2015) , our study of the physiological response to drought stress in these herbaceous dicots is only the first step towards the goal of trait-based community ecology of predicting community composition from traits (Shipley et al., 2016) . Our chosen traits, while providing direct links to plant performance during drought, require experimental manipulation of soil water availability in order to measure them, and so are not appropriate for large-scale trait screening. The next step will be to link these physiological traits to more accessible morphological and anatomical functional traits that can be measured in the field and before water stress occurs.
SUPPLEMENTARY DATA
Supplementary data are available online at https://academic. oup.com/aob and consist of the following. Table S1 : information used to create the wetness habitat classification. Table S2: estimate from the quadratic regression of soil volumetric water content (VWC) by soil relative water content (RWC). Table  S3 : traits used in the cumulative link model and path analysis. Table S4 : scores, probabilities and ranking of the species. Figure S1 : relationship between soil volumetric water content (VWC), soil relative water content (RWC) and soil water potential (W). Figure S2 : initial hypothesized causal structure. Appendix S1: relations between measures of water content (VWC/RWC/water potential). Appendix S2: segmented linear regression for dynamic response of stomatal conductance. Appendix S3: R script for all analyses included in the study. Table S3 . All data used in this manuscript will also be archived on the http://datadryad.org/ website. LITERATURE CITED
